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ABSTRACT 

The two science education digests for 1985 contained 
reports of research related to science curriculum and instruction. 
This information bulletin has been designed to continue making 
suggestions for improving education, more specifically education in 
science classrooms. It focuses on: (1) findings from science 
education studies (including "Project Synthesis"); (2) findings from 
reports dealing with excellence in education (such as "A Nation at 
Risk: The Imperative for Educational Reform"); (3) findings from 
science education research studies; (4) why there is an impetus for 
change in science education; (5) information from Canadian science 
educators, considering steps involved in "deliberative inquiry," 
seven curricular emphases in science, and issues related to 
incorporating a science and technology focus into science curricula; 
and (6) who decides curriculum questions. One generalization offered 
is that persons interested in improving science education have some 
positive findings from the meta-analysis research data upon which to 
build in terms of instructional strategies that lead to increased 
student learning and other positive outcomes. In addition, science 
for general education should not be neglected since science 
ins' ruction should be geared toward both the citizen and the future 
scientist. Thirty-five references are also included. (JN) 
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0 s Readers of the digests and informa- 
^ N° n bulletins produced by personnel 
^lof the ERIC Clearinghouse for 
^ Science, Mathematics, and Environ- 
f\J mental Education may remember that 
q the 1984 information bulletin in 
-j science education contained informa- 
uu, tion from some of the national reports 
about the status of education in 
America. The two science education 
digests for 1985 contained reports of 
research related to science curriculum 
and science instruction. The 1985 
science education information bulletin 
has been designed to continue the 
theme of suggestions for improving 
education, more specifically education 
in science classrooms. It is based, in 
part, on a 1985 information analysis 
product (SE 046 340) focused on im- 
proving the curriculum in science 
education. Readers who wish more in- 
formation than is contained in this in- 
formation bulletin are encouraged to 
read the longer publication which is 
available as a part of the ERiC data 
base or which may be purchased from 
the SMEAC Information Reference 
Center. 

Science Education Studies 

The National Science Foundation 
provided incentives for science course 
improvement projects in the 1950s and 
1960s. In the 1970s NSF personnel 
issued a request for proposals to 
analyze the impact of these programs. 
Three status studies were conducted 
(Helgeson, Blosser, and Howe, 1978; 
Stake and Easley, et al., 1978; Weiss, 
1978). The findings from the literature 
review (Helgeson, Blosser, Howe, 
QO 1978), from the case studies (Stake and 
~J Easley et al., 1978), and from the na- 
tional survey (Weiss, 1978) indicated 
some things had changed while others 
^ remained much the same as they were 
-j* prior to the NSF activities in science 
education. Teachers still perceived the 
same barriers to effective science 
teaching as they had identified 20 
LlJ years ago but there was an increase in 
(O student-centered and hands-on in- 
7 struction, as well as far more alterna- 
0 for instructional materials. Case 
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study data showed science education 
being given a low priority in the 11 
schools studied, with emphasis on 
basic skills displacing attention from 
science. General education ainr.s for 
science instruction were lacking. 
Science was taught as what experts 
had found to be true. The textbook was 
viewed as both the authority on 
science knowledge and the guide to 
learning. While federally-funded curric- 
ulum materials were in use in both K-6 
and 7-12 grades, the use of textbooks 
lectures and discussion was more 
widespread and frequent than was the 
use of manipulative materials. The use 
of manipulative materials appeared to 
increase with increasing grade level. 
(Those who subscribe to the Piagetian 
approach to cognitive development 
may question the emphasis on 
manipulation with older students who 
are presumed to have progressed 
beyond the concrete operational 
stage. Looking at this finding in a more 
positive manner, it may indicate an in- 
crease in laboratory work in science 
courses for older students.) Funds 
were lacking for purchase of equip- 
ment and supplies as well as for the in- 
dividualization of instruction. Not only 
were science facilities inadequate, 
teachers lacked adequate planning 
time • particularly at the elementary 
school level. Students were described 
as possessing inadequate reading 
abilities and lacking interest in 
science, thus posing problems for 
science teaching. 

The National Science Foundation 
asked nine professional organizations 
to analyze the three status studies and 
produce reactions to their content. 
These reaction papers were published 
in What are the Needs in Precollege 
Science, Mathematics, and Social 
Science Education? Views from the 
Field (1980). The National Science 
Teachers Association (NSTA) em- 
phasized the importance of the 
teacher, taking the position that ". . . 
ultimately improvement can stem only 
from the initiatives and efforts of 
teachers supportel and assisted by 
local administrate and supervisory 



personnel . . (1980:50). NSTA urged 
that immediate attention be given to 
elementary school science by the pro- 
vision of mservice workshops focused 
both on subject matter and on class- 
room techniques. 

The American Association for the 
Advancement of Science (AAAS) ad- 
vocated that serious attention be given 
to improving the quality of education. 
The AAAS writers considered the prob- 
lem of quality to be broader than that 
of providing up-to-date curricula - it in- 
volves the school ethos. They urged 
the establishment of a commission 
similar to the 1893 Committee of Ten 
(which was composed of nationally 
recognized and respected leaders) to 
conduct an in-depth examination of 
the goals and purposes of precollege 
education. 

The National Academy of Sciences 
Commission on Human Resources 
provided six recommendations in reac- 
tion to the NSF status studies: 

1. the establis ^ment of a number of 
Science and Mathematics Teaching 
Resource Centers to provide inser- 
vice education; construction, main- 
tenance, repair, and distribution of 
kits of materials for teaching 
science; expert advice to teachers 
to help them learn to use instruc- 
tional materials and techniques and 
to assist thorn in solving teaching 
problems 

2. increased support for development 
and revision of new courses and 
associated materials 

3. support for NSF teacher institutes 

4. development of additional science 
and technology centers such as 
those now existing in a number of 
cities 

5. increased efforts to encourage and 
recruit women and minorities for 
careers in scientific and technolog- 
ical occupations, and 

6. local efforts to improve both 
achievement and pupil assessment 
(1980:79-80). 

The Association for Supervision and 
Curriculum Development (ASCD) 
report said that . . the studies imply 
the following needs: 



Instructional Materials 

1. Continued development of high 
quality 'nstructional materials, with 
federal sponsorship if necessary. 

2. Procedures for periodically rede- 
fining what students should learn. 

3. A thorough examination of the pro- 
cesses by which textbooks and 
teachers; manuals are developed, 
selected, and used * so that they 
may be improved. 

4. Objective evaluation of instruc- 
tional materials. 

Teacher Education and Support 

1. Redefinition of middle management 
roles to provide more adequate 
staff development and support for 
teachers. 

2. Mechanisms, such as NSF in- 
stitutes, to provide for continuing 
education of teachers. 

Knowledge 

1. Knowledge about differences in 
points of view between teachers 
and other educators. 

2. Knowledge about the change pro- 
cess in schools. 

3. Knowledge about effects of various 
practices and programs. (1980:139) 
What are the Needs . . .? never 

achieved the visibility and recognition 
that the status studies received. A 
later science education report did cap- 
ture the attention of the science 
education community, building on the 
status studies as part of its data base. 
That report, Project Synthesis, in- 
volved an examination of the status 
studies, data from the reports of the 
National Assessment of Educational 
Progress (NAEP) science assess- 
ments, current scie nce textbooks, and 
some other reports on the current 
situation (1Q79-1980) in K-12 science. It 
was published, in 1981, as part of the 
NS T A series What Research Says to 
the Science Teacher, Voiume 3 (Harms 
and Yager, 1981). 

Project Synthesis (described in the 
1981 ERIC/SMEAC information 
bulletin) involved five separate focus 
groups: biology education, physical 
science education (including earth 
science), inquiry in school science, 
elementary school science education, 
and the interaction of science, tech- 
nology, and society in the secondary 
schools. All groups, working independ- 
ently, conducted a discrepancy 
analysis: setting forth a desired state 
of affairs and then describing the ac- 
tual state ot affairs in order to identify 
the discrepancies between the actual 
and desired states. Once discrepan- 
cies were identified, recommendations 
for future action were made. 

The five groups were bound together 
by common use of a framework pro- 
vided by a set of broad goal clusters: 
Goal Cluster l-Personal Needs 
Science education should prepare in- 
Of luals to utilize science for im- 
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proving their own lives and for coping 
with an increasingly technological 
world. 

Goal Cluster ll-Societal Issues 
Science education should produce in- 
formed citizens prepared to deal re- 
sponsibly with scionce-related societal 
issues. 

Goal Cluster Ill-Academic Preparation 
Science education should allow 
students who are likely to pursue 
science academically as well as pro- 
fessionally to acquire the academic 
knowledge appropriate to their needs. 
Goal Cluster IV-Career Education/ 
Awareness 

Science education should give all 
students an awareness of the nature 
and scope of a wide variety of science 
and technology-related careers open 
to students of varying aptitudes and in- 
terests. (1981:7-8) 

The participants in Project Syn- 
thesis emphasized that the world of 
the 1980s is much changed from the 
world of the 1960s. They urged the 
science education community to 
rethink the goals of science education. 

Other Reports 

One of the several reports, to the 
American public, on education that 
received much publicity is A Nation at 
Risk: The imperative for Educational 
Reform (1983). The 65 pages of this 
document contain a depressing pic- 
ture of American education as well as 
a number of recommendations for 
change. Prepared by the National Com- 
mission on Excellence in Education, 
the document contains sections 
related to content, expectations, time 
and teaching, and recommendations 
relative to each area. Commission 
members called for an increase in 
standards and expectations as 
reflected in both requirements for 
graduation from high school as well as 
in admission to higher education. They 
urged that all students take at least 
four years of English, three years of 
mathematics, three years of science, 
three years of social studies, and one- 
half year of computer science. They 
advocated an increase in the length of 
the school day as well as In the school 
year. They did not recommend 
changes in content beyond revision 
and updating. 

Also in 1983 the National Science 
Board Commission on Precollege 
Education in Mathematics, Science 
and Technology produced Educating 
Americans for the 21st Century. The 
aim of this group was to so improve 
education that the achievement of 
Americans would be the best in ti.e 
world by 1995. This report included a 
section entitled "Suggestions for 
Course Topics and Criteria for Selec- 
tion" (1983:96-100) in which desired 
science outcomes were specified for 



grades K-6, 7-8, and for biology, 
chemistry, and physics. These desired 
outcomes of science instruction in- 
volve understanding and appreciation 
of the external and internal biological 
and physical environments. Learning 
is to be a life-long process. 

The Nation Responds, published In 
1984, contains information about re- 
cent efforts to improve education. 
Most of these efforts are related to 
state legislation and, therefore, must 
have been initiated before the publica- 
tion of A Nation at Risk. When initia- 
tives of the 50 states and the District 
of Columbia were considered, it was 
found that: 

48 states are considering new high 

school graduation requirements, 35 

have approved changes. 

Initiatives to improve textbooks and 

instructional materials are reported 

by 21 states. 

Eight states have approved length- 
ening the school day. Seven have ap- - 
proved lengthening the school year. 
Eighteen have mandates affecting 
the amount of time for instruction. 
(1984:16) 

Some of the proposed changes take 
place in 1985; others, not until 1989. 

In 1983 the Committee on Indicators 
of Precollege Science and Mathe- 
matics was created to lay a foundation 
for the development of a monitoring 
system of education for use at na- 
tional, state and local levels. A report 
of this project was issued in 1985, in 
the form of a preliminary review whose 
scope was limited to indicators con- 
structed from information already 
being collected or that could be col- 
lected with modest extension of 
present data collection activities. No 
vatue judgements were provided, no at- 
tempt to investigate underlying causes 
of observed conditions was made, nor 
was there any definition of preferred 
conditions - only portrayals of the cur- 
rent situation (1985:4-5). Committee 
members looked at three kinds of vari- 
ables: outcome variables (student 
achievement), process variables 
(enrollment in a subject or instruc- 
tional time spent on a subject or time 
spent on homework), and input vari- 
ables (numbers, and quality, of 
teachers in science and mathematics 
and the content of the curriculum). 

These reports, beginning with A 
Nation at Risk (1983) through the pre- 
liminary report on indicators of Precoi- 
fege Education in Science and Mathe- 
matics (1985), all have some relation to 
the federal government. There are, in 
addition, general reports such as The 
Paideia Proposal, An Educational Man- 
ifesto (Adler, 1982), High School 
(Boyer, 1983), A Place Called School 
(Goddlad, 1984), and Horace's Com- 
promise (Sizer, 1984). These more 
general documents also relate to the 
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status of education in American 
schools and make recommendations 
for change - some more radical than 
others. Their authors write of the 
passive nature of what goes on during 
instruction, of the detrimental effects 
on students of tracking, and of the 
urgent need to improve school 
curricula. 

What Science Education Research Says 

Is the situation in American educa- 
tion and in science education so 
dismal that there is no hope? This is 
an overly pessemistic viewpoint. In re- 
cent years science education re- 
searchers have used the technique of 
metaanalysis (the analysis of anal- 
yses) to study the results of a number 
of studies on a related topic more 
systematically than just counting the 
number of investigations in which a 
significant difference was reported in 
favor of the experimental group and 
comparing that figure with a count of 
the findings of no significant dif- 
ference or of a statistically significant 
difference favoring the control/tradi- 
tional group. 

They have looked at the reseaioh in 
v hich the effects of innovative science 
curricula were investigated and at 
research on instruction and instruc- 
tional materials. Some of the meta- 
analysis work was done as part of a 
study of productive factors in science 
learning for grades 6 through 12 
(Waiberg and others, 1980). As a part of 
this project Weinstein and others 
(1980) examined 33 studies involving 
i 19,149 secondary school students (in 
America, Great Britain, and Israel) to 
I assess the impact, during the past 20 
] years, of innovative precollege science 
curricula on achievement. The re- 
viewers considered conceptual 
learning, inquiry skills, attitudinal 
development, laboratory performance, 
and concrete skills and examined 13 
different curricula (8 at the senior high 
level, 5 at the junior high level). They 
reported a ratio of approximately 4:1 in 
favor of outcomes related to the use 
of innovative curricula, concluding that 
these curricula ". . . produced bene- 
ficial effects on science learning that 
extended across science subjects in 
secondary schools, types of students, 
various types of cognitive and affec- 
tive outcomes, and the experimental 
rigor of the research. . . (1980:J12) 

In a meta-analysis project focused 
on the use of the three major activity- 
oriented elementary school science 
programs (Elementary Science Study 
(ESS), Science-A Process Approach 
(SAPA), Science Curriculum Improve- 
ment Study (SCIS)), Bredderman (1983) 
compared data from 57 studies involv- 
ing 13,000 students and more than 900 
classrooms. Bredderman loohed at 
^eHence process, intelligence, crea- 
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tivity, affective outcomes, perception, 
logical development, language, 
science content, and mathematics. 
The use of activity-based elementary 
school science programs appeared to 
promote student achievement in all 
analyzed outcome areas except logical 
development (1983:505). Bredderman 
concluded: 

The accumulating evidence on the 
science curriculum reform efforts to 
the past two or three decades con- 
sistently suggests that the more 
activity-process-based approaches 
to teaching science result in gains 
over traditional methods in a wide 
range of student outcomes at all 
grade levels. (1983:513) 
Researchers who participated in a 
large meta-analysis project directed by 
personnel at the University of Col- 
orado also looked at materials 
developed as a result of the NSF- 
sponsored science curriculum reform 
movement. Shymansky, Kyle and 
Alport {Journal of Research in Science 
Teaching, Volume 20, issue 5, 1983) 
analyzed 105 experimental studies in- 
volving 27 different innovative science 
curricula. They reported that . . 
Across all new science curricula 
analyzed, students exposed to new 
science curricula performed better 
than students in traditional courses in 
general achievement, analytic skills, 
process skills, and related skills 
(reading, mathematics, social studies, 
and communications), as well as 
developing a more positive attitude 

toward science " (1983:387) 

In a related artice (The American 
Biology Teacher, 1984) Shymansky dis- 
cussed meta-analysis data of the use 
of materials developed by the Biolog- 
ical Sciences Curriculum S*udy (BSCS) 
and reported that the BSCS program 
was effective in enhancing student at- 
titudes toward science, process skills, 
analytic skills, and achievement - in 
that order (1984:55). 

Wise and Okey, who also partici- 
pated in the Colorado meta-analysis 
project, looked at the effects of 
various teaching strategies on science 
achievement and described what they 
considered to be an effective science 
classroom: 

. . . The effective science class- 
room appears to be one in which 
students are kept aware of instruc- 
tional objectives and receive feed- 
back on their progress toward these 
objectives. Students get oppor- 
tunities to physically interact with 
instructional materials and engage 
in varied kinds of activities. Altera- 
tion of instructional material or 
classroom procedures has occurred 
where it is thought the change 
might be related to Increased im- 
pact. The teacher bases a portion of 
the verbal Interactions that occur on 
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some plan, such as the cognitive 
level or positioning of questions 
asked during a lesson. The effective 
science classroom reflects consid- 
erable teacher planning. The plans, 
however, are not of a cookbook 
nature. Students have some respon- 
sibility for defining tasks. (1983:434) 
Willis and Yamashita, who also par- 
ticipated in this Colorado meta- 
analysis project, looked at research 
related to instructional systems in 
science education. They concluded, 
after examining effect sizes, that the 
most effective innovative instructional 
systems, in terms of positive cognitive 
outcomes (as well as other variables) 
were mastery learning and Keller's per- 
3onalized system of instruction (PSI) 
(1983:414). 

r he use of PSI also was identified as 
producing stronger results than other 
types of educational technology in a 
meta-analysis of 312 studies of the ef- 
fects of educational technology in col- 
lege level teaching (Kulik, 1983), 

Yeany and Miller (1983), also using 
meta-analysis techniques, examined 
28 experimental studies involving 
middle school through college stu- 
dents who participated in diagnostic- 
prescriptive instruction to determine 
the effect of this instruction on 
science achievement. They concluded 
that achievement in science could be 
significantly and positively influenced 
through diagnostic remedial instruc- 
tion, with the influence appearing to 
come from the diagnostic {feedback to 
students. 

Research on time for science In- 
struction is less plentiful than are 
meta-analysis reports. However, 
Stall ings has provided science 
educators with some information on 
this topic. Academic learning time, ac- 
cording to Stallings, consists of (1) 
time available for academic work, (2) 
students' time on task, and (3) error 
rate or appropriateness of seatwork (in 
Yager, 1982:9). Stallings contends that 
"interactive instruction" is Important: 
the teacher provides oral instruction 
for new work, discusses and reviews 
student work, provides drill and prac- 
tice, and provides acknowledgement 
for correct responses and supportive 
correctional feedback for incorrect 
responses. Lessons proceed at a brisk 
pace and at a level that allows for con- 
sistent success (in Robinson, 
1981:138). Teachers need to teach in- 
teractively at least 50 percent of class 
time if students are to receive the con- 
sistent instruction and teacher feed- 
back they need to make achievement 
gains. 

Although Stallings has said that less 
research on time for instruction has 
been conducted in science class- 
rooms than in mathematics class- 
rooms, the patterns found are similar. 



In advanced classes students get ac- 
tive Instruction, demonstrations, and 
student experiments. In general 
science classes, students use work- 
books and seldom Interact with 
materials or observe Jemonstrations. 
This is Ineffective Instruction, espe- 
cially for low achieving students 
(1982:15). Science teachers need to 
provide several different activities 
during a class period, use Interactive 
Instruction, and create a supportive 
environment (1982:19). Stalllngs has 
provided a comprehensive observation 
system that can be used in science 
classrooms to test relationships be- 
tween classroom instructional strat- 
egies and student outcomes 
(1981:143-145). Her system is com- 
posed of two sections: the Classroom 
Snapshot, used to record the environ- 
ment and the participants in the class- 
room; and, following each Snapshot, a 
five-minute interaction observation 
focused on the teacher. 

The Impetus for Change 

If we have positive findings about 
what is taking place in some science 
classrooms, as shown in the meta- 
analysis reports, why is there a need 
for change? One reason is that the 
classrooms investigated in the studies 
focused on the use of innovative 
science curricula constitute a sample 
of the general population of science 
teachers and students in science 
classrooms. A second reason is that 
society changes and the forces influ- 
encing schools and education change 
accordingly, forcing change within 
education. A third reason is that all of 
the members of the science education 
community are not in agreement about 
goals and purposes. 

As a result it appears to be easier to 
focus on problems facing science 
education rather than to focus on the 
positive aspects of the current situa- 
tion. What are some of these prob- 
lems? A conference held at Exeter 
Academy (Brinckerhoff, 1980) resulted 
in a list of seven problems related to 
science education that, in the opinion 
of conference participants, threatened 
the welfare of the nation: 

A. There is growing evidence that the 
United States is falling behind 
other nations in the areas of 
science, technology, and science 
education. 

B. There is a decline in enrollment in 
science courses which is expected 
to result in an inadequate supply of 
scientists and engineers as well as 
an inadequate scientific literacy 
among the voting population. 

C. Lack of confidence in scientific 
solutions Is leading to an increased 
reliance upon mysticism. 

D. The disparity between the scientific 
cally literate and the rest of the 
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population is increasing in our 
society. 

E. There is a decline, in real dollars, of 
financial support for research and 
innovation and for education in the 
sciences. 

F. The use of "hands-on" activities in 
science instruction is growing ever 
more restricted by budgetary and 
other constraints. 

G. The time alloted to science in the 
lower grades is diminishing. 
(1980:8-9) 

One of the participants in this Ex- 
eter Conference was Paul Hurd who, in 
1984 produced a similar list of dis- 
turbing trends in science education": 
-Decline in science enrollment in 

secondary schools 
-Neglect of science teaching in ele- 
mentary schools 
-Unfavorable attitude toward science 

acquired in the junior high school 
-Drop in achievement test scores in 

the last decade 
-Decline in the number of students 

aspiring for science careers 
-Shortages of qualified science 
teachers and the likelihood the 
shortage will worsen 
- Low priority assigned by parents to 

science education 
-Failure of science education to re- 
spond to changes in science and 
technology 
-Confusion on the part of educators 
about the goals of science educa- 
tion (1984:1) 
According to Hurd, 
. . . The most compelling argument 
for reforming science education is 
that science teaching is currently 
not responding to the intellectual 
and knowledge demands of a 
science-technology oriented society. 
(1984:3) 

In advocating further movement in 
science curriculum reform, Hurd sug- 
gests that science educators keep in 
mind three questions when consid- 
ering science curricula: 

1) What do students need to know in 
science? 

2) How should it be taught? 

3) How should the curriculum be 
structured? 

and, when considering curriculum 
reform, 

4) What a'o the educational advan- 
tages to be gained by the proposed 
changes? 

5) What benefits will accrue to society 
in the long run? (1984:1,8) 
Curriculum reform should be guided 

by the educational purposes we wish 
to achieve. 

Before Change Occurs 

Before science educators jump on 
the curriculum reform bandwagon that 
appears to be headed toward science- 
society-technology, they might do well 



to study some information from Cana- 
dian science educators. Orpwood 
(1985) has described a methodology 
used in the study of the needs of 
science education in Canadian 
schools. Called "deliberative inquiry," 
this model is based on several 
assumptions. The first assumption is 
that school curriculum has both a ra- 
tional and a political character ra- 
tional in that its content should be ra- 
tionally defensible and political in that 
it should represent a commitment on 
the part of certain individuals to act in 
a particular way. The second assump- 
tion is that curricula are politically 
contentious matters in education and, 
as such, are resolved through delibera- 
tion rather than by needs assess- 
ments. The third assumption is that 
there are stakeholders, Individuals and 
groups who have views about the 
school curricuium and who desire to 
influence decisions about it. Stake- 
holders in the science curriculum are 
students, teachers, parents, school of- 
ficials, the scientific community, in- 
dustry, the labor movement, and 
others (1985:479-480). 

All of these groups need to par- 
ticipate in seeking consensus over 
new directions for curricula, for three 
reasons. One, they are entitled to do 
so because they are affected by the 
outcome. Two, the absence of key 
stakeholders will bias the results. 
Three, the involvement of a broad 
range of stakeholders will lead to a 
broader consensus and, therefore, 
broader support for the conclusions. 

Orpwood has described six stages 
in the cycle of deliberative inquiry: 

1. Issue identification: real curriculum 
problems originate in schools and 
issue identification is necessary to 
stimulate awareness and concern, 
to influence research questions so 
that an information base about the 
present situation can be developed. 

2. Development of research questions: 
once issues are identified, it is 
necessary to develop research 
questions so that an information 
base about the present situation 
can be developed. 

3. Uses of theory: theoretical research 
literature can be used in developing 
a conceptualization of tha issues 
and their significance. 

4. Payoff for theory: the principal 
results of deliberative inquiry are in 
terms of changes in policy and 
practice. If contributions to 
generalizabie knowledge result, 
these are a bonus. 

5. Communication for deliberation: 
results of the research program 
must be communicated in a way 
that is optimal for the deliberation 
process and should therefore raise 
questions as often as answer them. 
The reports should be focused on 



the specific context rather than on generallzable conclusions. 
6. Payoff for practice: dellberators must decide what to do, with all of the 
stakeholders Involved In this process. (1985:481-483) 
Orpwood also differentiates among four levels of curriculum: 
-Intended curriculum = curriculum guidelines prescribed by departments of 

education 
-planned curriculum = local programs 
-taught curriculum = evident In the c'assroom 
-learned curriculum = students' Intellectual and practical achievement! 
Ideally, examination of all four levels should yield Identical information lut this 
does not happen. Therefore, evidence from several levels must be gathered to 
develop a comprehensive view of what Is taking place In science education. This 
can be done by analyzing curriculum policies, analyzing textbooks, surveying 
teachers, conducting case studies of science teaching, and evaluating student 
achievement (1985:485). 

Because different Individuals have differing views about what Is Important In 
science education, the Idea of curriculum emphases In science education, as ex- 
plained by Roberts (1982), needs also to be considered. According to Roberts, "A 
curriculum emphasis In science education Is a coherent set of messages to the 
student about science. . ." (1982:245). Such messages may be communicated both 
explicitly as well as Implicitly (by what Is not stated as well as by cJier contextual 
devices). These sevan curriculum emphases are: 



Emphasis 
Everyday Coping 



Message 

Science Is an Important means for understanding and 
controlling one's environment - be It natural or techno- 
logical. What Is valued Is an individual and collective 
understanding of scientific principles, as a means of 
coping with Individual and collective problems. 
The focus Is on how science functions Intellectually In 
Its own growth and development, on the Interplay of 
evidence and theory, the adequacy of a particular model 
for explaining phenomena, the changing and self- 
correcting nature of scientific knowledge, etc. 
This emphasis concentrates on the limits of science In 
coping with practical affairs. The set of messages 
distinguishes science from technology and then 
distinguishes scientific/technological considerations 
from the value-laden considerations Involved In per- 
sonal and political decision making. 
The set of messages Is that process Is more Important 
than product. There Is heavy emphasis on means, com- 
municating to the student the Implicit message that 
skillful use of means (scientific process) will automati- 
cally yield a correct end (product). 
In this emphasis science products are stressed as 
heavily as the previous emphasis stressed processes. 
Students are expected to master now ant' question 
later. The set of messages Is on the authority of a group 
of experts to determine the correctness of Ideas. 
The set of messages In this emphasis deals with 
character of science as a cultural Institution and an ex- 
pression of one of man's many capabilities. The 
humanity of science Is the student's own humanity. 
The message here Is that science Instruction should be 
organized to facilitate the student's understanding of 
future science Instruction. (What Is lacking Is any 
message about the ultimate set of Instructional goals 
toward which all prior instruction Is to be directed.) 
(1982:246-249) 

Roberts has suggested that broad curriculum goals can be analyzed to see If 
these can be clustered Into curriculum emphases. Once the emphases are Iden- 
tified, curriculum developers can choose which emphasis to associate with an In- 
dividual unit of study. Roberts Is of the opinion that a curriculum emphasis cannot 
be made to materialize In less than a five to six week period of time. Because 
most science courses consist of six to eight units a year, at least three curriculum 
emphasis could be stressed during a school year. Most science textbooks have 
only one emphasis, so the adoption of a textbook may not fit with a curriculum 
plan Incorporating different emphases. 

A curriculum emphasis expresses a value position. Teachers may have diffi- 
culty teaching a unit with a curriculum emphasis of values different from those 
they customarily hold. However, each emphasis expresses an aspect of science 
O 3\\ as reflects legitimate theoretical and practical activities of mankind; none 



Structure of Science 



Science, Technology, 
and Decisions 



Scientific Skill 
Development 



Correct Explanations 



Self as Explainer 



Solid Foundation 
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Is more relevant than any other, ac- 
cording to Roberts. The greater the 
range of curriculum emphases In a 
science program, the more defensible 
It Is. Forces on the curriculum change 
and shift, so a science program In 
which curriculum emphases change at 
different times Is more enlightened 
than a curriculum with a single em- 
phasis (Roberts, 1982: 256-257). 

A third Canadian science educator, 
Aklenhead, also has provided Informa- 
nt n of Interest to curriculum 
developers who are Interested in 
adding a science and technology 
focus to the science curriculum. 
Aklenhead (1985) has argued that two 
sets of values are Involved In Issues 
related to science and technology: 
constitutive values of science which 
guide scientists and contextual 
(ethical, Ideological, cultural) values 
which refer to the social context In 
which science and technolcgy are car- 
ried out. Alkenhead's position Is that 
science and technology are not 
ethically and politically neutral and 
that science Is laden with contextual 
values. And, within science, there are 
the constitutive values of the scientific 
enterprise and the constitutive values 
of Individual scientists. This apparent 
conflict In values Is pointed up by 
Holton's reference to public science 
(that reported In journal articles, con- 
ference proceedings, textbooks) and 
private science (carried out in labora- 
tories and recorded In personal note- 
books and letters). Just as Gauld has 
argued that we do our students a dis- 
service when we teach them only the 
public set of values, Alkenhead has 
cautioned that science educators 
should avoid teaching that science 
and technology are value free (1985: 
457-459). 

It Is frequently assumed that helping 
students develop problem solving 
skills as a part of the science curric- 
ulum will enable students to transfer 
these skills and decision-making 
abilities to real life. Alkenhead has 
pointed out that scientists and engi- 
neers are not particularly known for 
making more Intelligent choices In 
their everyday lives than are other In- 
dividuals. They rarely escape the 
political context In which they do 
research (1985:466). 

For teachers who are considering 
using decision-making Instruction as a 
part of their science program In 
response to Watson's call for In- 
cluding social decision making In 
science curricula, Alkenhead has 
developed a 10-ltem decision making 
guide. According to Alkenhead, to 
reach a collective decision on a 
science-technology based social issue: 
1. Itemize the domains of society 
which appear to be relevant to the 
Issue. These domains Include 



economics, military, politics, tech- 
nology, science, law, fine arts, 
ethics, religion, socio-political 
ideologies, and others. 

2. Identify which domain or agency is 
given the social authority, or has 
the political power, to make the 
ultimate decision. (This process 
will likely require a class to 
sharpen the precise wording of the 
decision or series of decisions to 
be made.) 

3. Generate plausible choices. 
(Beware of simplistic disjunctives.) 

4. Predict the short term and long 
term logical consequences of each 
alternative, including the social 
and psycholoc/cal consequences. 

5. Scrutinize the reasoning relied 
upon in making 'hose predictions. 
(What are the warrants and condi- 
tions for the knowledge claims 
made? To what degree are the data 
valid and reliable? Are any data 
presented in great vividness?) 

6. Clarify the values (constitutive and 
contextual) that seem to support, 
or negate, the various alternatives; 
and recognize the values inherent 
in the prediction of consequences. 

7. Prioritize the values in the context 
of the issue under decision (an in- 
dividual task for students) 

8. Weigh the evidence, the probability 
of the various consequences, and 
the values underlying the 
alternatives. 

9. Choose one alternative, stating a 
thoughtful justification. 

10. Clarify the ways in which science 
anr* technology contributed to this 
choice. (Science and technology 
can contribute to the cause of the 
issue as well as to its resolution.) 
(1985:467-468) 
AikenheaJ has identified, for 
classroom teachers, some pitfalls that 
hinder decision making. These include 
students' mythical views of science as 
well as their lack of realistic apprecia- 
tion of what can, and cannot, be done 
with scientific-technological methods 
and knowledge. A deeper understand- 
ing of the facts of science does not 
lead directly to more thoughtful deci- 
sions on social issues related to 
science. 

Teachers should not expect unani- 
mity or a "right" answer in decision 
making lessons. What teachers should 
expect is that most students will iden- 
tify roles that science, technology, 
values and ideologies play in the 
resolution of a societal issue. 

Teachers and students need to 
understand the distinction between ra- 
tional decisions and thoughtful deci- 
sions. Also, teachers need to antici- 
pate parents' reactions to the use of 
controversies in the science class- 
room and to involve parents early in 
O 3 process so they understand what 

ERJC 



their children are discussing and why 
they are involved in decision making 
activities. 

Finally, teachers need to be aware 
that if they help their students 
develop their abilities to reach deci- 
sions on social issues related to 
science and technology, they are en- 
couraging political action and possible 
conflict with forces within the 
community (1985:468-471). 

Curriculum Questions: Who Decides? 

What knowledge is of most worth? 
What educational beliefs and assump- 
tions are reflected by the curriculum 
goals of science education? Why 
should students study science? What 
kind of science education is most ap- 
propriate and for what reasons? Are 
these decisions reached by consensus 
of the stakeholders or by some other 
process? 

Science educators have research 
data relative to instructional materials 
and techniques, as indicated by some 
of the meta-analysis research and 
other studies, but fewer research data 
exist relative to curriculum goals for 
science education. 

Looking back at the past 20 or more 
years of science curriculum develop- 
ment, it is possible to identify changes 
in curriculum emphases, using the 
seven categories Roberts (1982) 
developed, and to discern a singie em- 
phasis at some point in time. It is also 
possible, using Orpwood's discussion 
of the necessity for all stakeholders to 
be involved in policy formulation and 
curriculum development, to identify 
points at which only certain groups of 
stakeholders were involved in cur- 
riculum reform. Will these circum- 
stances be repeated in future activities 
to establish goals for science teaching 
and their implementation in curriculum 
programs and activities? Can repeti- 
tion be avoided? 

National groups and prominent in- 
dividuals have called for the improve- 
ment of American education. State 
legislatures have responded, with 
most activities identified as responses 
begun before national reports critical 
of education were published and 
disseminated. Unfortunately, most of 
these responses have involved increas- 
ing requirements foi graduation (or for 
admission to college), adding years of 
study in science and mathematics with 
little thought to what such mandates 
involve. 

If we consider precollege science to 
mean science courses designed to 
prepare students for further study in 
science at the college level, we are 
doing a disservice not only to those 
students whose plans do not include 
college study but also to those who 
plan to enter college but who will 
major in some discipline other than 



one of the sciences. As Hodson has 
written, "Science education in school 
has to cater for two broad groups of 
pupils: those who will study science at 
an advanced level and those who will 
not. Thus, the science curriculum 
must be a sound and adequate 
preparation for later study and must en- 
sure scientific literacy for those others 
(the majority) who will opt for alter- 
native pursuits. In meeting these two 
needs it must teach science and teach 
about science " (1985:28) 

Hodson has raised questions about 
the adequacy of science teachers' 
understanding of recent developments 
in the philosophy of science. He has 
emphasized that science teachers 
need some understanding in the 
philosophy of science and its 
relevance to science education. In ad- 
dition to a knowledge and under- 
standing of the philosophy of science, 
teachers need to be competent in con- 
tent knowledge. (The authors of 
Educating Americans for the 21st Cen- 
tury differentiated between certified 
and qualified teachers.) Much has been 
written about the shortage, present 
and predicted, of science and mathe- 
matics teachers as well as of the poorly 
qualified teachers, many of whom are 
minimally prepared to teach science or 
who are teaching outside their area(s) 
of certification. How will these in- 
dividuals be prepared to teach science 
that is either more of the same or that 
has been developed to prepare pupils 
to deal effectively with the future? 

Rather than capitalizing on the cries 
of crisis for opportunities in funding or 
for causing change, perhaps it is time 
to engage in some thoi ghtful delibera- 
tions of what science education 
should be, to demand that suggestions 
for change be accompanied by sup- 
porting rationales that are data (rather 
than opinion) based, to look carefully 
at competing philosophies of science 
as well as philosophies of education, 
to develop some alternative scenarios 
and to study the ramifications of each 
of these if they were to be implemented. 

Above all, let us not lose sight of the 
general education function of science 
for all students. Most members of the 
science education community appear 
to agree that there is confusion over 
goals and objectives. Is this not the 
place to begin? In beginning, the past 
history of scienc? curriculum develop- 
ment and curriculum reform activitie , 
needs to be kept in mind, as well as 
the political and socia! orientations of 
the individuals and groups currently in- 
volved in the deliberations. 

In 1966 the Educational Policies 
Commission produced Education and 
the Spirit of Science. This 1966 docu- 
ment reads like one with a more recent 
copyright date, it contains a discus- 
sion of the impact of science and 
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technology today on both developed 
and developing nations, citing both 
benefits and causes for anxiety that 
arise from growth in science and 
technology. It was the contention of 
Commission members that the spirit 
underlying science and technology 
promised profound benefits: increased 
individuality but also increased 
brotherhood (1966:11). Writing that the 
values on which science and tech- 
nology are based can penetrate any 
culture, the Commission advocated 
that the schools should promote 
understanding of the values upon 
which science is based. Commission 
members considered that the values of 
science expressed the belief in human 
dignity. These values cannot be ac- 
quired through indoctrination but 
... are part and parcel of any true 
education. These are character- 
istic not only of what is commonly 
called science but, more basically, 
of rational thought - and that ap- 
plies not only in science, but in 
every area of life. What is being 
advocated here is not the produc- 
tion of more physicists, biologists, 
or mathematicians, but rather the 
development of persons whose 
approach to life as a whole is that 
of a person who thinks • a rational 
person ... (1966:16) 
A further statement of the Commis- 
sion is particularly relevant for these 
times in which excellence is being 
equated with increased graduation re- 
quirements: 

It cannot be assumed that the 
addition of science courses to a 
curriculum would necessarily con* 
I tribute to the achievement of 
I these goals. Indeed, science can 
be so taught as to be irrelevant ^r 
even opposed to their achieve- 
ment. Efforts to discourage 
challenges to traditional beliefs 
and attempts to indoctrinate are 
probably widespread in every 
school system, however advanced 
the content of science courses. 
What is needed is an education 
which turns the child's curiosity 
into a lifelong drive and which 
leads students to consider 
seriously the various possibilities 
of satisfying that curiosity and the 
many limitations on those possi- 
bilities. (1966:23) 

In Summary 

Persons interested in improving 
science education have some positive 
findings from the meta-analysis 
research data upon which to buiid in 
terms of instructional strategies that 
lead to increased student learning and 
other positive outcomes. However, 
science for general education pur- 
poses should not be neglected; we 
q I to educate both the citizen and 
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the future scientist. Whatever changes 
are made should be based on rational 
decisions reached by consensus of all 
of the stakeholders involved. In 
making changes in science curriculum 
and instruction, the teachers who are 
going to have to implement these 
materials and activities in the class- 
room must also be considered. If they 
do not understand and agree with the 
reasons for change, and if they do not 
possess the knowledge and skills to 
effectively use these changes, im- 
provement is not likely to occur. 
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